A vigorous search continues for drugs capable of alleviating those connective tissue diseases which are mediated by immunological mechanisms. The experimental disorder caused in rats by the injection of Freund's complete adjuvant or of mycobacteria suspended in oil has been used extensively to test compounds for this purpose. Adjuvant disease, of which polyarthritis is a prominent feature, is highly reproducible and is believed to be the result of a delayed hypersensitivity reaction against antigen(s) associated with the peptide-glyco-lipides of the wax D fraction of the mycobacteria or of the nocardia (Bonhomme, 1967; Pearson, Wood, and Tanaka, 1968) . This paper reports a study of adjuvant disease under treatment with the new cytotoxic drug, Rubidomycin.
Rubidomycin ( Fig. 1) , an anthracycline derivative with antibiotic properties (Dubc Ninet, Pinnert, Preud'homme, a is known to possess cytotoxic ac a)R, =H R2 = OCH3 and in vivo against resting and dividing cells. In affected cells it causes modification of the nuclear chromatin and reduction in nucleolar size, a decrease in mitotic activity and chromosome breaks (Di Marco, Soldati, Fioretti, and Dasdia, 1963; Magluilo, Strassano, and Fiori, 1964; Costa and Astaldi, 1964) . The drug has been used in man for the treatment of leukaemia and other neoplastic diseases (Tan, Tasaka, and Di Marco, 1965; Tan and Tasaka, 1966; Tan, Tasaka, Yu, Murphy, and Karnofsky, 1967) . Because of these properties it was considered that the activity of Rubidomycin in rat adjuvant arthritis should be examined. The results of a first, preliminary study have been reported briefly elsewhere (Quagliata, Sanders, and Gardner, 1968a Visual assessments of the reaction in uninjected paws were recorded on a 4-point scale in which 0 = no re-H-C-OH action; + = a single joint inflamed; +±+ = more than one joint involved; and + + + = widespread inflammar-H tion and ankylosis. The assessment of all uninjected C H3 paws was summed to give an arthritic score. Uric acid levels were measured in serum samples by b) RI= oc-H3 the method of Liddle, Seegmiller, and Laster (1959) .
OCH32 Microimmunoelectrophoresis was performed according in. The manner in which to the method of Scheidegger (1955) . Rat sera were inked is not yet certain, developed against rabbit anti-rat globulin.
Nuffield Research Fellow- For histological study, hind limbs, thymus, spleen, and licine, New York Univer-regional lymph nodes were fixed in neutral formol saline.
Blocks of hind limb joints were decalcified in a formic rch Council. acid/sodium citrate mixture and parafflin sections were stained with haematoxylin and eosin. Synovitis, periarthritis, and bone disease were assessed microscopically. The spleen, thymus, and lymph nodes were examined for evidence of hypertrophy or atrophy of primary lymphoid follicles, for germinal centre formation, for focal necrosis or fibrosis, for evidence of perisplenitis, and for numbers of plasma cells and of multinucleated or multilobed giant cells. The microscopic reactions were graded on a 5-point scale which was subsequently converted to a numerical form.
Rubidomycin (Daunomycin) (May and Baker batch 104) and tetracycline were dissolved in 0 9 per cent. NaCl w/v to give final concentrations of 1 mg./ml. and 10 mg./ml. respectively.
Procedure
Each animal was injected intradermally with 0 05 ml. adjuvant mixture into the volar surface of the left hind paw. After injection the animals were observed closely; body weights and joint responses were measured each day, and the severity of the reaction at the site of injection of adjuvant and of the polyarthritis which developed after a latent interval of 9 to 10 days was graded by caliper measurements. Arthritic scores were recorded independently (Figs 2 and 4).
Total and differential white blood cell counts and total red cell counts were made at approximately weekly intervals. At death, blood was collected for uric acid determinations and for microimmunoelectrophoresis.
Two experiments were performed: the first was a pilot study to determine whether any effect of Rubidomycin could be observed; the second endeavoured to identify the latest time in the course of adjuvant disease at which the use of Rubidomycin could be shown to influence the arthritis. 
Experiment

Experiment 1
For the 25 days of the experiment the animals treated with Rubidomycin remained in better general condition and were more active physically than the control animals given tetracycline. The control rats moved with reluctance when placed on a bench; those given Rubidomycin moved freely. The loss of weight which normally follows the injection of adjuvant was halted by Rubidomycin treatment (Fig. 2) . Although Rubidomycin was given for only 6 days, the suppressive effect of treatment on the secondary response to adjuvant was recognizable throughout the period ofobservation. The influence of treatment on the development of arthritis was readily recognized in the non-injected paws ( Fig. 3 ) but was less easily defined in the left hind paw into which adjuvant had been injected. Thus, there was a slight mean reduction in the arthritic score for the injected paws but a significant reduction for the three non-injected paws (Fig. 2) . Similarly, caliper measurements revealed a less marked increase in size in both the injected and non-injected paws in rats given Rubidomycin, but the difference between treated and control groups was more pronounced in the right, uninjected, paws (Fig. 2) . In both groups of animals there was a 12 per cent. reduction in red blood cell counts between Day 11 and Day 17, after which the counts in the Rubidomycin-treated animals rose steadily to regain normal levels by Day 25. In the control tetracycline-treated animals, counts continued to decline by a further 8 per cent. White blood cell counts showed that the leucocytosis which normally accompanies the onset of adjuvant arthritis (Glenn, Gray, and Kooyers, 1965) and which was present in the tetracycline-treated animals, was not observed in the animals given Rubidomycin. However, differential white cell counts showed that, while the ratio of polymorphonuclear to mononuclear cells remained unchanged from normal for both groups, the mononuclear cells in the Rubidomycin-treated group appeared to be larger than in the tetracyclinetreated group and to have a lower nucleocytoplasmic ratio, suggesting that they were less mature forms.
Irrespective of the time of killing, the uric acid levels in animals given Rubidomycin did not differ significantly from those in the animals given tetracycline (Table I) . Microimmunoelectrophoretic analysis revealed no significant qualitative difference in the pattern between the two groups of animals.
Histological observations showed that in eleven of the twelve animals given tetracycline a severe polyarthritis had developed with synovitis, pannus formation, bone destruction, new bone formation, and periarthritis. In the left hind paws, injected with adjuvant, there was in addition a characteristic persistence of lipid droplets surrounded by polymorphs and, frequently, plasmatic vasculosis.
In the rats given Rubidomycin the latter reaction, at the site of injection, was unchanged, but the synovitis, cellulitis, periarthritis, and bone destruction were greatly reduced in extent and intensity. The differences between the treated and untreated groups are best indicated by reference to the numerical grades shown in Table II After the prolonged administration of Rubidomycin all groups of animals, irrespective of the time of commencement of treatment with Rubidomycin, showed a continued weight loss. By contrast, the weight loss which accompanies the response to adjuvant was not maintained in the tetracyclinetreated group of control animals. These findings differ from the results of Experiment 1 in which treatment with Rubidomycin was given for only 6 days.
Red blood cell counts did not differ from those of control animals given tetracycline except in the group in which Rubidomycin treatment was begun 3 days before the injection of adjuvant. This group showed counts which remained within the limits of normality throughout the experiment. White blood cell counts for the four groups given Rubidomycin revealed a marked and consistent downward trend beginning immediately treatment was begun. As in Experiment 1, differential white cell counts showed no change in the ratio of polymorphs to mononuclear cells but the latter again displayed an increased proportion of immature forms.
Microimmunoelectrophoretic analyses of the sera developed against rabbit anti-rat globulin revealed no qualitative change in treated animals which was not present in control sera.
No significant change in serum uric acid levels was recognized in animals treated with Rubidomycin by comparison with tetracycline-treated controls.
Suppression of the development of adjuvant disease by treatment with Rubidomycin was again confirmed in this second experiment. Rubidomycin given on or before the 4th day after injection of adjuvant suppressed the development of adjuvant arthritis (Fig. 4) in both the injected and uninjected paws as observed by direct measurement with calipers or as expressed in the arthritic score. Treatment with Rubidomycin from Day 9 did not suppress the appearance of the secondary lesions but had some effect on their severity, whereas treatment commencing on Day 18 after the injection of adjuvant had no effect on the development of the disease (Fig. 4) . In none of the Rubidomycin-treated animals did the serum uric acid levels differ significantly from those in rats treated with tetracycline (Table I) .
Histological study showed that, as in the first experiment, treatment with Rubidomycin from Day 10 or from Day 18 exerted little influence on the development of the tissue reactions which accompanied the injection of adjuvant into the left foot. However, the response at the injection site was slightly diminished when Rubidomycin was given from Day 4 and greatly reduced when the drug was begun before adjuvant was injected. When the uninjected right foot was examined, similar responses were recognized. The extent of the residual histological reaction at the time of death did not always precisely reflect the extent of the arthritis measured throughout the course of the experiment and, in occasional animals, joints which had displayed marked inflammatory reactions during life appeared structurally normal at the close of the experiment.
Microscopic study of the spleen failed to reveal any major disturbance in lymphoreticular tissue which was not also present in animals treated with the control drug tetracycline. There was, however, a suggestion that the prominence of primary lymphoid follicles and the frequency and size of secondary germinal centres was less in animals which remained untreated with Rubidomycin for 4, 10, or 18 days than in those animals to which the drug had been given from 3 days before adjuvant was injected. 
Discussion
The present results show that Rubidomycin given early in the development of adjuvant disease suppresses the customary polyarthritis and diminishes the leucocytosis. The degree of these actions varies inversely with delay in starting treatment: animals given Rubidomycin, from 3 days before adjuvant is injected to 4 days after, display little subsequent response; those in which treatment is delayed to the 9th day show partial suppression; those given Rubidomycin from the 18th day show none.
The polyarthritis of adjuvant disease starts as an acute synovitis; periarthritis, tendinitis, and bursitis develop and the oedematous synovial tissue is infiltrated with polymorphs and mononuclear cells ( Figs 5 to 8 ). In the untreated disease, in which there is progressive weight loss, the haemoglobin decreases (Glenn and others, 1965) and there is a polymorph leucocytosis (Lukens, Cartwright, and Wintrobe, 1967 (1) A latent period of approximately 2 weeks intervenes between the local intradermal injection of adjuvant and the onset of systemic disease (Pearson and Wood, 1959) ;
(2) The disease can be transferred to syngeneic recipients by lymphoid cell suspensions but not by serum (Waksman and Wennersten, 1963) ; (3) The disease can be reproduced in "germfree" animals but not in young immunologically tolerant recipients (Pearson and Wood, 1959) ; (4 suppressed by non-lethal whole body irradiation, by corticosteroids, by other immunosuppressive drugs, and by anti-lymphocyte serum (Table I) ; (5) The treatment of rats with repeated doses of tubercle bacilli in saline reduces the response to the subsequent injection of adjuvant (Gery and Waksman, 1967) ; (6) There are changes in serum protein patterns which may indicate altered immunoglobulin synthesis (Lowe, 1964) ; (7) Re-injection with adjuvant is believed to be followed by a recurrence of arthritis after an abbreviated latent period (Pearson and Wood, 1959) .
Many other agents of possible therapeutic value in the control of human connective tissue diseases have now been tested by administration to rats with adjuvant arthritis (Table III) . Special interest attaches to those which suppress adjuvant arthritis while depressing the mechanisms of cellular immunity which are believed to mediate delayed hypersensitivity. The effective agents include wholebody irradiation, antilymphocytic serum, and radiomimetic and cytotoxic drugs (Quagliata, w t . Sanders, and Gardner, 1968b, c). Non-lethal, whole-body x-irradiation has been shown to destroy the capacity of the lymphoreticular system to respond to the antigenic material conveyed initially to regional lymphoid tissue. The effect is probably not dependent upon an action on the thymus since adjuvant disease can be caused in thymectomized rats (Jones and Ward, 1966) and the thymus, which decreases in size, shows little histological change during the development of adjuvant disease. As a corollary to these observations, it has been shown that thoracic duct lymphocyte depletion on Days 9, 10, and 11 depresses the joint manifestations of the disease (Whitehouse and Whitehouse, 1968; Quagliata, Sanders, and Gardner, 1968d) . Hydrocortisone acetate and its congeners have been shown to inhibit adjuvant-induced hyperplasia of the iliac, inguinal, and axillary lymph nodes, but the effects of hydrocortisone are not specific since lymph node enlargement after the injection of Salmonella enteritidis is also inhibited (Glenn, 1966 (1966, 1967, 1968) (Dubost and others, 1963) ; it was found to have antibiotic activity and only subsequently were the cytotoxic marrow-depressive properties recognized. 6 weeks after this initial discovery the drug was independently isolated in Italy and given the name of Daunomycin (Grein, Spalla, Di Marco, and Canevazzi, 1963) . Rubidomycin has been used in the treatment of human leukaemia (Massimo, Fossati-Guglielmoni and Fortuna, 1967; Tan and others, 1967; Mathe, Schwarzenberg, Schneider, Schlumberger, Hayat, Amiel, Cattan, and Jasmin, 1967; Malpas and Bodley Scott, 1968) . Both in rats and mice (Dobost and others, 1963) , Rubidomycin seems to possess a biphasic dose-dependent action on lymphoid tissues: low doses produce hyperplasia, high doses hypoplasia. The cytotoxic activity of the compound has been shown in vitro against KB cells and Ehrlich's ascites tumour cells (Di Marco and others, 1963) . Clinical studies of patients with lymphoblastic and monoblastic leukaemia have demonstrated prolongation of survival with improvement in the general condition during F treatment. Tested in normal subjects in whom a delayed hypersensitivity reaction to tuberculin had been produced, the drug has been shown to suppress the normal response in hypersensitive recipients (Kourilsky, Dupuy, Fradelizi, Jacquillat, and Bernard, 1967) .
The nature of adjuvant disease and the known properties of Rubidomycin make it likely that the action of the drug in this syndrome is upon the cells of the lymphoreticular system. However, Rubidomycin is an antibiotic with a weak growth-inhibiting action against Gram-positive organisms and coliform bacilli. The possibility must therefore at least be considered that the effect of Rubidomycin in adjuvant disease is due to antibiotic and not to immunosuppressive activity. Against this view is the evidence that other broad-spectrum antibiotics such as tetracycline appear to have no effect on the syndrome. Nevertheless, the opinion is still maintained that adjuvant arthritis may be the result of a recrudescence of a latent infection. In this case, the antibiotic properties of Rubidomycin might account for the activity observed in the present investigations, a view which could account for the comparatively trivial influence of the drug on the lymphoreticular tissues of the animals examined in the present investigation.
